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Abstract 
 
To assess the antimicrobial effect of a commercial steam-vacuuming system newly 
implemented after slaughtering, 105 cattle carcasses were examined for total viable counts 
(TVC) at four different areas. Before steam vacuuming, mean TVC of the excision samples 
were comparable at the perineal area and brisket (3.0–3.1 log CFU cm-2) or the hind leg and 
shoulder (2.6–2.7 log CFU cm-2). Steam vacuuming reduced mean TVC by 0.9, 0.7, 0.6, and 
0.4 log CFU cm
-2
 at the perineal area, hind leg, shoulder, and brisket, respectively. With 
regard to the distribution of counts, steam vacuuming increased the proportion of TVC results 
<3.0 log CFU cm
-2
 from 74.8% (62.9–87.6% at carcass areas) to 86.7% (71.4–97.1% at 
carcass areas). Thus, steam vacuuming after slaughtering might be useful for the reduction of 
contamination in designated carcass areas, but the effect must not be overestimated and 
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Zusammenfassung 
Für die Beurteilung der antimikrobiellen Wirkung eines kommerziellen 
Dampfdekontaminationsschrittes nach dem Schlachtprozess wurden 105 
Rinderschlachtkörper auf die Gesamtkeimzahl (GKZ) an vier verschiedenen Stellen 
untersucht. Die durchschnittliche GKZ vor der Dampfdekontamination an der perinealen 
Region und am Brustbein (3.0-3.1 log KBE cm
-2
) war vergleichbar mit den GKZ an den 
Hinterbeinen und Schultern (2.6-2.7 log KBE cm
-2
). Die Dampfdekontamination reduzierte 
die GKZ an der perinealen Region, am Hinterbein, an der Schulter und am Brustbein um 0.9, 
0.7, 0.6 und 0.4 log KBE cm
-2
. Durch die Dampfdekontamination wurde der Anteil der 
Resultate, welche sich unter 3.0 log KBE cm
-2
 befanden von 74.8% (62.9-87.6% an 
Schlachttierkörperstellen) auf 86.7%  (71.4-97.1% an Schlachttierkörperstellen) erhöht. Die 
Dampfdekontamination nach dem Schlachtprozess kann ein brauchbares Mittel sein, um die 
Kontamination an den bezeichneten Stellen zu reduzieren. Der Effekt darf jedoch nicht 
überschätzt werden. Massnahmen zur Schlachttierkörperdekontamination sollten immer als 
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Introduction 
 
To ensure food safety at slaughter, additional measures to the traditional meat inspection 
procedures are required, in particular because healthy food-producing animals can be carriers 
of important bacterial pathogens causing human illness (EFSA/ECDC, 2016). To counter this 
threat, the focus is currently on preventive systems following the hazard analysis and critical 
control point (HACCP) principles (Ropkins and Beck, 2000; Sofos, 2008). In view of 
HACCP-based systems applied at slaughter, intervention systems aimed at reducing bacterial 
contamination and non-intervention systems aimed at preventing contaminations must be 
distinguished (Bolton et al., 2001). 
Interventions applied at slaughter basically comprise physical, chemical, and biological 
treatments (Aymerich et al., 2008; Koohmaraie et al., 2005; Loretz et al., 2011; Wheeler et 
al., 2014). In Europe, carcass interventions with substances other than potable water are tied 
to strict prescriptions (Hugas and Tsigarida, 2008) and current legislation only permits the use 
of lactic acid on cattle carcasses (Regulation [EC] No. 103/2013). Despite the prerequisite of 
strictly maintaining good slaughter hygiene practices, there is increasing interest in effective 
decontamination treatments because complete prevention of microbial carcass contamination 
during slaughter can hardly be warranted. Such interventions should basically be safe, 
economic, feasible in the production process, widely accepted by the consumers, and they 
should not change the organoleptic properties of carcasses. 
Steam vacuum systems are a combination of physical and thermal treatments. Steam 
vacuuming is useful for application to small carcass areas that are more likely to be 
contaminated and for spot treatment of visible contamination (Bolton et al., 2001; Huffman, 
2002; Wheeler et al., 2014). Steam vacuuming is implemented at multiple stages in cattle 
processing and it is also increasingly used in combination with other interventions during 
slaughter, especially in the U.S. and Canada (Gill, 2009; Greig et al., 2012; Loretz et al., 
2011). In the U.S., steam vacuuming is approved by USDA-FSIS as a substitute for knife 
trimming, which is traditionally used to remove localized visible contamination (Gill, 2009). 
Of the previous studies investigating the microbial effect of steam vacuuming on cattle 
carcasses, only a few were performed under commercial conditions and examined the effect 
on naturally contaminated carcasses (Gill and Bryant, 1997; Kochevar et al., 1997). The aim 
of the present study was to evaluate the effect of a commercial steam-vacuuming system, 
  7 





Materials and methods 
 
Abattoir and slaughter process 
This study was based on investigations carried out during one month (April 2017) in a Swiss 
cattle abattoir with an annual slaughter capacity of >20 million kg. The abattoir processed up 
to 75 cattle carcasses per h (on average 450 carcasses per day). Slaughter operations were 
performed on a slaughter line featuring separated wet areas and clean areas (Table 1). After 
being stunned in a stunning box using a captive bolt, animals were shackled by the right rear 
leg and immediately (within 60 s) exsanguinated with two different knives (one for the skin 
and another one for the blood vessel). Before skinning, head and hooves were removed. 
Skinning operations comprised manually performed pre-skinning and mechanized skinning 
by an upward-pulling hide puller. Before evisceration, carcasses were moved into separated 
clean areas. Evisceration involved slitting the belly, removal of the gut and removal of 
thoracic viscera. Carcasses were then split along the midline from back to front with a 
splitting saw. After trimming, meat inspection, weighing and grading, carcasses were washed 
with cold potable water (11 °C for 20 s) to remove visual debris. The abattoir used a two-
stage air chilling process. Carcasses were initially blasted with air at 11 m/s and 10 °C for 
about 90 min before entering the chiller (5 m/s at 2.0–4.0 °C). 
For steam vacuuming, the Vapo-Vac system (Industrade, Strasbourg Cedex, France) was 
used. The system consisted of a hand-held device with a steam unit (nozzle) and a vacuum 
unit. The hot spray nozzle (diameter of 8 x 3 cm) delivered steam at >82 °C through steam 
channels to the carcass surface under pressur, while the vacuum unit simultaneously 
vacuumed the area. The steam (produced from potable water) thereby decontaminated and 
loosened (fecal) material from the carcass surface to facilitate removal by the vacuum unit. 
Steam vacuuming was performed during routine operations after carcass trimming (but before 
weighing and grading) by two operators. Steam vacuuming was routinely applied on areas of 
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the hindquarter and the forequarter (breastbone, shoulder, forelegs) of each half carcass. 
Carcass areas for steam vacuuming were selected based on previous and repeated findings of 
increased contaminations at these areas. 
 
Collection of samples 
The collection of samples was done during one month (April 2017) at six different sampling 
days. Sampled cattle were categorized in three age groups: calves (<6 months of age), feeder 
cattle, and cows. In total, 105 carcass halves were investigated at four different carcass areas: 
two areas of the hindquarter (perineal area, rump) und two areas of the forequarter (brisket, 
shoulder). For the evaluation of the microbial effect of steam vacuuming, each area (perineal 
area, rump, brisket, shoulder) of the 105 carcass halves was sampled (i) after trimming just 
before steam vacuuming (accounting for a total of 420 samples) and (ii) after steam 
vacuuming (accounting for a total of 420 samples). Samples obtained after steam vacuuming 
were collected directly adjacent to the location sampled before steam vacuuming. Sampling 
was performed by excision: a sterile coring punch was used to delimit a tissue area of 5 cm
2
, 
which was then excised using a sterile scalpel and forceps. Samples were transported to the 
laboratory chilled and microbiological examinations were carried out within 24 h after 
sampling. 
 
Total viable counts (TVC) 
Each individual sample (from each carcass area before and after steam vacuuming) was 
homogenized for 60 s in 20 ml of 0.85% saline solution in a stomacher. Suspensions were 
plated with a spiral plater (Eddy Jet, IUL SA, Barcelona, Spain) onto plate count agar (Oxoid 
AG, Pratteln, Switzerland) for total viable counts (TVC). Plate count agars were incubated 
according to ISO 4833-1:2013. Counts were calculated as CFU cm
-2
 and the detection limit 





Colony counts of individual samples were expressed as log CFU cm
-2
 and the distribution of 
counts at different ranges was determined (Table 2). For evaluation of the effect of steam 
vacuuming at the four different carcass areas (perineal area, hind leg, brisket, shoulder), TVC 
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results from the untreated and the corresponding treated sample were only considered when 
TVC before steam vacuuming were equal to or above the detection limit of 1.9 log CFU cm
-2
 
(Table 3). For statistical analysis, a value of one-half of the detection limit (40 CFU cm
-2
 or 
1.6 log CFU cm
-2
) was assigned for any remaining 0-count plate of samples after steam 
vacuuming. Values were then compared by reference to mean ( ) values (carcass areas and 
animal categories). Mean values ( ) of samples differing by <0.5 log CFU cm
-2
 before or after 
steam vacuuming were regarded as similar for practical purposes. Statistical analysis was 
performed using JMP 13.0 (SAS Institute Inc., Cary, NC, USA). The level of significance was 
set at α = 0.05. With regard to carcass areas and animal categories, analysis of variance 
(ANOVA) and the Tukey HSD test were used to analyze differences in TVC results before 




Distribution of TVC results from cattle carcasses before and after steam vacuuming 
Before steam vacuuming, TVC of 277 (66.0%) samples were above the detection limit of 1.9 
log CFU cm
-2
 (Table 2). At the different carcass areas (perineal area, hind leg, brisket, 
shoulder), the proportion of samples above the detection limit ranged from 49.5% (hind leg) 
to 87.6% (brisket). After steam vacuuming, TVC of 212 (50.5%) samples were above the 
detection limit and the proportion of samples above the detection limit ranged from 37.1% 
(hind leg, shoulder) to 78.1% (brisket) at the different areas. Over all carcass areas, the 
majority of TVC above the detection limit were in the range of 1.9–3.0 log CFU cm-2 (Table 
2). This was the case for both areas before and after steam vacuuming. 
 
Differences between TVC results from cattle carcasses before and after steam vacuuming 
For evaluation of the effect of steam vacuuming, TVC from 277 samples before steam 
vacuuming and the corresponding 277 samples after steam vacuuming were investigated 
(Table 3). Overall, mean log TVC of samples before and after steam vacuuming accounted for 
2.9 and 2.3 log CFU cm
-2
, respectively. At the different carcass areas, mean log TVC of 
samples before steam vacuuming ranged from 2.6 to 3.1 log CFU cm
-2
 (Table 3). Mean values 
from the perineal area and brisket were comparable (3.0–3.1 log CFU cm-2) and higher than 
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those from the hind leg and shoulder (2.6–2.7 log CFU cm-2). TVC from respective areas 
differed significantly before and after steam vacuuming (P<0.05). Reductions of mean log 
TVC obtained by steam vacuuming accounted for 0.9, 0.7, 0.6, and 0.4 log CFU cm
-2
 at the 
perineal area, hind leg, shoulder, and brisket, respectively. After steam vacuuming, mean log 
TVC from the perineal area, hind leg, and shoulder were comparable (2.0–2.2 log CFU cm-2), 
whereas the mean value from the brisket accounted for 2.6 log CFU cm
-2
. 
Furthermore, TVC results obtained from the different carcass areas were analyzed for three 
animal categories: calves, feeder cattle, and cows (Table 4). Before steam vacuuming, mean 
log TVC from the different areas ranged from 2.6 to 3.2 log CFU cm
-2
 for calves, 2.3 to 3.2 
log CFU cm
-2
 for feeder cattle, and 2.3 to 3.1 log CFU cm
-2
 for cows. Highest mean values 
were thereby found at the perineal area (feeder cattle, cows) or at the brisket (calves). 
Reductions of mean log TVC at the different areas ranged from 0.4 to 0.8 log CFU cm
-2
 for 
calves, 0.3 to 0.8 log CFU cm
-2
 for feeder cattle, and 0.3 to 1.1 log CFU cm
-2
 for cows. 
Greatest reductions of mean values were found for all animal categories at the perineal area 
(P<0.05). Reductions of mean values at the hind leg (0.6–0.7 log CFU cm-2) or at the brisket 
(0.3–0.5 log CFU cm-2) were comparable between the animal categories. A less uniform 
picture was evident at the shoulder: Steam vacuuming reduced mean values by 0.8 log CFU 
cm
-2
 for calves (P<0.05), 0.5 log CFU cm
-2
 for feeder cattle, and 0.3 log CFU cm
-2
 for cows. 
After steam vacuuming, mean log TVC from the different areas ranged from 2.0 to 2.8 log 
CFU cm
-2
 for calves, 1.9 to 2.5 log CFU cm
-2







Manual steam vacuuming has proven to be a useful tool for application to designated carcass 
areas that are more likely to be contaminated (Bolton et al., 2001; Huffman, 2002; Wheeler et 
al., 2014). The antimicrobial effect of steam-vacuuming is thereby influenced by varying 
framing conditions such as the skill of the operator, the exposure time, the application 
temperature, the treated carcass area, the point of application during processing or the 
contamination level of the carcasses. In particular it must be considered that most available 
data appraising the effect of steam vacuuming on cattle carcasses resulted from laboratory 
studies using inoculated samples and extrapolation to commercial practices is not warranted. 
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The present study evaluated the effect of a commercial steam-vacuuming system newly 
implemented in a cattle abattoir after slaughtering used on a daily basis. For this purpose, 
four different areas of cattle carcasses (perineal area, hind leg, brisket, shoulder) were 
examined for total viable counts (TVC) before and after the application of steam vacuuming 
during routine operations. Before steam vacuuming, mean TVC of the excision samples from 
the different carcass areas ranged from 2.6 to 3.1 log CFU cm
-2
. Based on this contamination 
level, steam vacuuming after carcass trimming reduced the mean values by 0.4–0.9 log CFU 
cm
-2
. With regard to the distribution of TVC, steam vacuuming increased the proportion of 
results below 3.0 log CFU cm
-2
 from 74.8% (62.9–87.6% at the different carcass areas) to 
86.7% (71.4–97.1% at the different carcass areas). 
The few previous studies investigating the antimicrobial effect of steam vacuuming on 
naturally contaminated cattle carcasses under commercial conditions yielded comparable 
results (Gill and Bryant, 1997; Kochevar et al., 1997). Kochevar et al. (1997) compared the 
antimicrobial effect of two steam-vacuuming systems and observed no remarkable difference 
on pre-evisceration cattle carcasses. However, reductions reported by Kochevar et al. (1997) 
were clearly influenced by the varying cleanliness of treated carcass areas. On cattle carcasses 
without visible fecal contamination, TVC and coliforms were reduced on average by 0.3–0.7 
log CFU cm
-2
, whereas average reductions on carcasses with visible fecal contamination 
reached 1.7–2.1 log CFU cm-2 (Kochevar et al., 1997). In another study performed under 
commercial conditions (Gill and Bryant, 1997), steam vacuuming applied at different 
slaughter process stages and carcass areas reduced TVC, coliforms, and Escherichia coli on 
average by 0.2–0.8 orders of magnitude. Using a commercial household steam cleaner 
(without vacuum unit) after final carcass washing, Trivedi et al., (2007) reported average 
reductions of TVC, coliforms, and E. coli by 0.8–1.2 log CFU cm-2. On the other hand, under 
laboratory conditions, steam vacuuming reduced several bacterial species inoculated on cattle 
carcass surface parts by 1.6–5.5 orders of magnitude (Castillo et al., 1999; Dorsa et al., 1996; 
Dorsa et al., 1996; Dorsa et al., 1997; Phebus et al., 1997).  
When comparing the reductions obtained by steam vacuuming in the present study at the four 
different areas, mean TVC values before and after steam vacuuming differed at three areas 
(perineal area, hind leg, brisket, shoulder) by more than 0.5 log CFU cm
-2
 but less than 1.0 log 
CFU cm
-2
. Greatest reductions (on average by 0.9 log CFU cm
-2
) were found for the perineal 
area, which was also the area with the highest contamination level before steam vacuuming 
(3.1 log CFU cm
-2
). In a recent study by Hassan et al. (2015) examining the antimicrobial 
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effect of steam vacuuming on sheep and lamb carcasses, steam vacuuming also had the best 
effect on the circle around the circum anal incision, especially with regard to 
Enterobacteriaceae and Escherichia coli indicating more frequent fecal contamination. On 
the other hand, lowest reductions (on average by 0.4 log CFU cm
-2
) were found in the present 
study for the brisket. Because the contamination level at the perineal area and the brisket 
before steam vacuuming were comparable (and higher than at the other areas), other factors 
such as e.g. the performance by the operators must be responsible for the lower reductions at 
the brisket. After steam vacuuming, the mean TVC value at the brisket (2.6 log CFU cm
-2
) 
was therefore about 0.5 orders of magnitude higher than at the other areas. 
Contamination levels of carcasses from the three animal categories (calves, feeder cattle, 
cows) and reductions obtained by steam vacuuming for the three animal categories were 
generally comparable and in accordance with the findings mentioned above. However, there 
were some area-specific, minor differences: e.g. the different pre-treatment contamination 
pattern on carcasses from calves (highest contamination at the brisket), or the slightly 
increased reductions obtained by steam vacuuming at the perineal area of carcasses from cows 
(on average by 1.1 log CFU cm
-2
). Comparisons between the animal categories however 
showed that mean values from the respective carcass areas (before or after the application of 




Under commercial conditions, a steam-vacuuming system newly implemented after 
slaughtering in a cattle abattoir and used on a daily basis reduced bacterial loads on treated 
carcass areas to some extent, but the decontamination effect of steam vacuuming must not be 
overestimated. Based on the contamination level of the examined cattle carcasses, average 
reductions of TVC obtained by steam vacuuming at the different areas were generally below 
one order of magnitude. Furthermore, decontamination treatments such as steam vacuuming 
always must be seen as an additional part of an integral food safety system. Decontamination 
treatments cannot compensate for poor hygiene practices or replace strict maintenance of 
good slaughter hygiene practices along with risk-based preventive measures. But provided 
that good manufacturing and hygiene practices are warranted during the cattle slaughter 
  13 
process, steam vacuuming after slaughtering can be a useful tool for further reduction of 
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Table 1: Operations performed in the cattle slaughter process. 
 
Location  
Wet Area Lairage 
 Captive bolt stunning; shackling by right rear leg 
 Sticking and bleeding
 
 Removal of head and hooves 
 
Manual pre-skinning: skin incisions and pre-skinning of 
rear legs, rump, flank, tail, brisket and forelegs 
 Skinning by upward-pulling hide puller 
Clean Area Evisceration: brisket sawing, freeing of bung, removal of 
gut and thoracic viscera 
 Carcass splitting with a saw (use of cold water) 
 Meat inspection and stamping 
 
Trimming: trimming of butt, rump and brisket; removal 
of mesenteric fat, diaphragm remnants and spinal cord 
 Carcass weighing and grading 
 Steam vacuuming  
Chiller Two-stage air chilling process: conventional chilling 
with preceding blasting 
 
Table 2: Distribution of TVC results from cattle carcasses before and after steam vacuuming. 
 
 
 Sampling area 
No. of 
samples  





 1.9–2.5 2.5–3.0 3.0–3.5 3.5–4.0 4.0–4.5 4.5–5.0 >5.0 
           
Before steam 
vacuuming  
(n = 420) 
Perineal area 105 28 (26.7%) 18 (17.1%) 20 (19.0%) 18 (17.1%) 10 (9.5%) 6 (5.7%) 4 (3.8%) 1 (1.0%) 
Hind leg 105 53 (50.5%) 23 (21.9%) 13 (12.4%) 8 (7.6%) 6 (5.7%) 2 (1.9%) 0 (0%) 0 (0%) 
Brisket 105 13 (12.4%) 23 (21.9%) 31 (29.5%) 21 (20.0%) 11 (10.5%) 2 (1.9%) 2 (1.9%) 2 (1.9%) 
Shoulder 105 49 (46.7%) 32 (30.5%) 11 (10.5%) 7 (6.7%) 1 (1.0%) 4 (3.8%) 1 (1.0%) 0 (0%) 
 Total before 420 143 (34.0%) 96 (22.9%) 75 (17.9%) 54 (12.9%) 28 (6.7%) 14 (3.3%) 7 (1.7%) 3 (0.7%) 
           
After steam 
vacuuming  
(n = 420) 
Perineal area 105 53 (50.5%) 23 (21.9%) 13 (12.4%) 8 (7.6%) 6 (5.7%) 2 (1.9%) 0 (0%) 0 (0%) 
Hind leg 105 66 (62.9%) 26 (24.8%) 6 (5.7%) 6 (5.7%) 1 (1.0%) 0 (0%) 0 (0%) 0 (0%) 
Brisket 105 23 (21.9%) 28 (26.7%) 24 (22.9%) 21 (20.0%) 5 (4.8%) 4 (3.8%) 0 (0%) 0 (0%) 
Shoulder 105 66 (62.9%) 25 (23.8%) 11 (10.5%) 3 (2.9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
 Total after 420 208 (49.5%) 102 (24.3%) 54 (12.9%) 38 (9.0%) 12 (2.9%) 6 (1.4%) 0 (0%) 0 (0%) 
           
 
a
 Detection limit at 1.9 log CFU cm
-2




Table 3: TVC results from cattle carcasses before and after steam vacuuming. 
 
 








 SD Max 
Before steam 
vacuuming 
(n = 277) 
Perineal area 77 3.09 0.81 5.19 
Hind leg 52 2.68 0.66 4.17 
Brisket 92 2.95 0.71 5.03 
Shoulder 56 2.55 0.75 4.81 
      
After steam 
vacuuming 
(n = 277) 
Perineal area 77 2.23 0.72 4.22 
Hind leg 52 2.03 0.59 3.92 
Brisket 92 2.57 0.75 4.36 





Perineal area  0.86*   
Hind leg  0.64*   
Brisket  0.38*   
Shoulder  0.56*   
 
a
 TVC results from the untreated and the corresponding treated sample only considered when TVC before 
steam vacuuming ≥detection limit (1.9 log CFU cm-2). 
b
  and SD, mean log CFU cm
-2
 and standard deviation; Max, maximum (log CFU cm
-2
). 
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 Sampling area 





 n  TVC n  TVC 
Before steam 
vacuuming 
(n = 277) 
Perineal area 28 2.96 30 3.18 19 3.13 
Hind leg 19 2.62 24 2.76 9 2.58 
Brisket 40 3.19 32 2.80 20 2.70 
Shoulder 24 2.84 26 2.32 6 2.33 
        
After steam 
vacuuming 
(n = 277) 
Perineal area 28 2.18 30 2.41 19 2.04 
Hind leg 19 1.95 25 2.11 9 1.98 
Brisket 40 2.77 32 2.54 20 2.24 





Perineal area  0.78*  0.77*  1.09* 
Hind leg  0.67  0.63*  0.60 
Brisket  0.42  0.26  0.46 
Shoulder  0.76*  0.45  0.26 
 
a 
TVC results from the untreated and the corresponding treated sample only considered when TVC before 
steam vacuuming ≥detection limit (1.9 log CFU cm-2). 
b
  TVC, mean log CFU cm
-2
. 
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